Abstract. In gravel-bed rivers, sediments are often sorted into patches of different grain-sizes, but in braided streams, the link between this sorting and the channel morphosedimentary elements is still unclear. In this study, the size of the bed sediment in the shallow braided gravel-bed Urumqi River is characterized by surface-count and volumetric sampling methods. Three morpho-sedimentary elements are identified in the active threads of the river: chutes at flow constrictions, which pass downstream to anabranches and bars at flow expansions. The surface and surface-layer grainsize distributions of these three elements show that they correspond to only two kinds of grain-size patches: (1) coarsegrained chutes, coarser than the bulk river bed, and (2) finergrained anabranches and bars, consistent with the bulk river bed. In cross-section, the chute patches are composed of one coarse-grained top layer, which can be interpreted as a local armour layer overlying finer deposits. In contrast, the grain size of the bar-anabranch patches is finer and much more homogeneous in depth than the chute patches. Those patches, which are features of lateral and vertical sorting associated to the transport dynamics that build braided patterns, may be typical of active threads in shallow gravel-bed rivers and should be considered in future works on sorting processes and their geomorphologic and stratigraphic results.
Introduction
Geomorphologists and sedimentologists observed early on that, at a local scale, the grain-size organization of gravel-bed rivers is not homogeneous in space but sorted into patches, which can be defined as areas of similar grain sizes (e.g., Leopold et al., 1964; Bluck, 1971 Bluck, , 1976 Lisle and Madej, 1992) . This patchiness is of fundamental importance for many hydro-sedimentary processes within rivers as the grainsize distribution affects bed roughness and availability of the different size fractions for transport (Ferguson et al., 1989; Garcia et al., 1999) . Hence, grain-size patches influence both the shear stress field (Naot, 1993; Robert et al., 1992; Wilcock and McArdell, 1993) and bedload transport within channels (Bluck, 1987; Paola and Seal, 1995; vericat et al., 2008) , but also downstream fining (Bluck, 1987; Seal and Paola, 1995; Sambrook Smith and Ferguson, 1996) , stratigraphic record (Steel and Thompson, 1983; Nemec and Postma, 1993; Lunt and Bridge, 2004) , and aquatic ecology (Wiens, 1976; Kondolf and Wolman, 1993 ). Yet, it is difficult to make sense of grain-size organization in gravel-bed rivers. For single-thread streams, it has long been known that the local grain-size sorting is closely related to the channel morpho-sedimentary elements (e.g., Leopold et al., 1964; Bluck, 1971; Milne, 1982; Lisle and Madej, 1992 ). In contrast, this relationship is still unclear in multi-thread streams like braided rivers. Therefore, it is important to provide new constraints on the location and characteristics of sediment sorting in such rivers. 
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Five minutes apart topography scans of the bed of an experimental braided river (modified from Limare et al., 2011) . (e) Elevation differential map between the two previous topographies. Areas of erosion (in blue) and deposition (in yellow and red) alternate within the active threads, which surround stable areas of the braidplain (in green). This illustrates that sediment transport occurs in active threads only.
At the reach scale, braided streams are characterized by active threads separated by dry areas corresponding to remnants of compound bars (Fig. 1a ) (e.g., Bluck, 1974; Ashmore, 1982; Church and Jones, 1982) . Within these threads, sequences of three morpho-sedimentary elements are observed: chute thalwegs at flow constrictions, and anabranch thalwegs and unit bars at flow expansions (Fig. 1b) . Qualitatively, the chutes are characterized by a steep and narrow concave (curved inward) morphology and by coarse grainsize. The anabranches are also concave but look flatter and finer-grained. The bars, which are lobate tabular bedforms without avalanche slip faces at their margins, have a flat, large and convex (curved outward) morphology and generally exhibit the finest grain-size. These sequences are considered as the building blocks of gravelly braided river systems (e.g., Smith, 1974; Ashmore, 1982; Southard et al., 1984; Ashworth, 1996; Ashmore, 2013) . These building blocks are equivalent to the dynamical features observed in natural or experimental streams. Based on topographic measurements through time, the bed evolution of braided rivers clearly shows that braidplains are made up of two primary dynamical features: zones of erosion and scour at flow convergences, which correspond to chutes, followed by zones of deposition, which resemble unit bars associated with small withinchannel anabranch thalwegs that eventually evolve into distinct threads with time (Lane et al., 2003; Wheaton et al., 2010; Ashmore et al., 2011; Limare et al., 2011) (Fig. 1c,  1d and 1e ). On the other hand, despite their significant areal extension, the role of compound bar remnants in the dynamics of braids has never been put forward either by physical experiments (Métivier and Meunier, 2003; Limare et al., 2011) or by mechanical analyzes of flow stability ( Métivier and Barrier, 2012 , and references therein). Excluding works carried out on these compound structures only (Bluck, 1974; Ashworth and Ferguson, 1986; Lunt and Bridge, 2004) , grain-size studies in multi-thread streams have mainly focused on the downstream sorting that occurs on unit bars (Smith, 1974; Hein and Walker, 1977; Bluck, 1982; Ashworth et al., 1992a, b; Hassan, 2005; Rice and Church, 2010) . Comparatively, only a few works with limited data sets have compared bar and thalweg grain sizes (Smith, 1974; Ashworth et al., 1992a; Laronne et al., 1994; Laronne and Shlomi, 2007) . To complete these works, a field study was performed on the Urumqi River, a shallow gravelly braided river in China. During two field surveys, the grain-size distributions (GSDs) of the river bed, and of the surface material and of the surface layer of the morpho-sedimentary elements typically found into the active threads were characterized by volumetric samplings and surface counts. This article presents the grain-size analysis carried out to investigate (1) the link between the grain-size patchiness and the morpho-sedimentary elements, and (2) the relationship between this grain-size patchiness and the bulk GSD of the river bed. Only two types of grainsize patches are identified, which are features of lateral and vertical sorting associated with transport processes that build braided patterns in shallow gravel-bed rivers.
The Urumqi River at the sampling site
The Urumqi River is a shallow (up to one meter-deep) braided gravel-bed river that flows on the northern side of the Tian Shan Mountains in China, near the town of Urumqi (Fig. 2) . This river rises at the front of a glacier at an elevation of 3600 m and runs northwards to the Junggar basin, where it dies out into a desert at an elevation of 1100 m. Our sampling site is located about 10 km downstream of the mountain topographic front (Fig. 2) , where the Urumqi River braids within an alluvial valley cut down into the deposits of a former alluvial fan (Zhou et al., 2002) . At this location, the mean slope is 0.02, the catchment area is around 1000 km 2 , and runoff is mainly regenerated by summer rains and snow or ice melting. Hence, the Urumqi River mostly flows from May to September. Monthly measurements over a 22-year time period reveal a mean annual discharge of 7.47 m 3 s −1 at a gauging station located few kilometers upstream of the sampling site ( Fig. 2 and Zhou et al., 1999) . The total sedimentary load is about 1-2 10 8 kg yr −1 (45 % as dissolved load, 35 % as suspended load and 17 % as bed load) (Liu et al., 2008 (Liu et al., , 2011 . Outside of the high flow season, the river is almost completely dry and it becomes possible to measure the bed material at many locations.
This study focuses on the elements identified in the recently active threads (chutes, anabranches and unit bars, Fig. 2b ), which correspond to unit structures formed by active sediment transport under high to moderate flow. Others structures, such as compound bar remnants were not considered.
Data acquisition and analysis

Sampling strategy
At the sampling site, a three-step strategy was implemented, in order to sample the bulk GSD of the river bed, as well as the surface and the surface-layer GSDs of the morpho-sedimentary elements defined previously. In gravelbed rivers, the surface layer is defined as the deposits lying from the surface down to a depth corresponding to the size of the largest clasts (usually one or two D 90 ) (Sutherland, 1987; Church et al., 1987) . In the Urumqi River, the D 90 is around 10 cm, so the surface layer is defined as the sediments from the top of the river bed down to 20 cm. The subsurface extends below these surface deposits.
To characterize these layers, two granulometric sampling techniques were used: the surface-count (Wolman grid-bynumber) and the volumetric (sieve-by-weight) methods. The first one considers the grains lying on the top of the river bed (Wolman, 1954) . It is classically used to sample surface GSDs. The second method considers a volume of sediments. It is usually implemented to sample subsurface GSDs.
For surface counts, a grid was layered over the surface to be sampled, with points located every 20 cm ( 2D 90 ) in order to avoid sampling the same grain twice. The intermediate (b-axis) diameter of the grains under the knots was measured, as it permits a comparison with the volumetric data (Kellerhalls ans Bray, 1971; Church et al., 1987; Bunte and Abt, 2001 ). In addition, only grains with a b-axis larger than 8 mm were considered to reduce the size measurement uncertainties associated with this surface methodology (Kellerhalls ans Bray, 1971; Church et al., 1987; Bunte and Abt, 2001) . Eventually, it is recommended to collect 100 to 400 grain measurements to have a representative surface-count sample with the diameters defined from ± 10 to 5 % (Church et al., 1987; Diplas and Fripp, 1992; Rice and Church, 1996) .
For the volumetric samples, the sediments were excavated and sieved using mesh sizes ranging from 25.6 cm to 63 µm, each mesh size being twice the previous one. The grains retained on each sieve were then weighed in order to obtain a mass for a given mean diameter, which is considered to be the mean b-axis of the clasts. To be consistent with the surface-count samples, only grains larger than 8 mm were taken into account. The depth of the excavated volume must be at least 2D 90 to assure that large grains can be sampled, and its area must be calculated in order to fulfill the accuracy criteria defined by Church et al. (1987) . Ideally, these authors propose that the biggest grain of a volumetric sample does not represent more than 0.1 % in weight of the total sample. In that case, grain-size fractions are determined with a 0.1 % precision. In practice, this precision is never achieved because of the excessively large volume needed, and because the within site variability by far exceeds this limit for gravelbed streams. Therefore, less stringent precisions are usually adopted. In this study, accuracy values vary from 0.5 %, a quite stringent condition, up to more loose accuracy of 5 %.
First, the bulk GSD, that corresponds to the subsurface distribution of the river bed, was characterized by this volumetric technique. A deep trench of 7 × 1.2 × 1 m 3 was dug into the river bed (Fig. 3) . In order to get the subsurface grains only, the surface layer ( 20 cm) was removed. Excluding the sand fraction, which represents about 25 % of the sample, about 8660 kg of grains larger than 8 mm were finally sieved and weighed (Table 1 ). According to Church et al. (1987) , this sample falls around the 0.5 % precision.
Then, the surface GSDs of the morpho-sedimentary elements were characterized by surface counts. Eight chutes, eight anabranches and nine bars were sampled with grids layered at their surface (Fig. 3b) . Depending on their areal extension (i.e. a few square metres), 38 to 471 clasts were measured on each element. These individual samples can be then added, in order to obtain one larger sample with more than 500 grains for each kind of element (Table 1) .
Finally, the surface-layer GSDs of the morphosedimentary elements were characterized by the volumetric technique. Among the elements sampled by surface counts, five chutes, five anabranches and five bars were sampled by excavating a series of shallow trenches without removing the first layer of sediments, each 1.5 × 1 × 0.2 m 3 in area (Fig. 3c) . After the removal of the sand fraction, these small samples weight about 300-400 kg and fall in a 5 % precision range (Church et al., 1987) (Table 1) . These individual samples can also be added to obtain three large average samples weighting more than 1600 kg and falling in a 0.5 % precision range (Church et al., 1987) (Table 1) . One can notice that this kind of sampling is new because the surface layer is basically never sampled. However, this is the layer of sediments accessible for bed load transport in a gravel-bed river. In addition, it makes the connection between the hydraulic processes of sorting and the bulk deposition, and therefore, links the morphologic with sedimentologic patterns
Sample analysis
The grain sizes were normalized using the φ-scale (log 2 based) and fitted by the normal law, as it characterizes distributions through only two parameters: the mean and the standard deviation. The simplest way to assess the accuracy of the normal fit is to use quantile-quantile plots (Q-Q plots), which compare the quantiles of two distributions to determine whether they are equivalent or significantly different. In practice, the mean diameter D 50 and the standard deviation σ of each φ-normalized GSDs were used to generate normal distributions. The Q 10 to Q 100 quantiles of these normal distributions were then compared to the quantiles of the sample distributions (Fig. 4a ). For the volumetric samples, in order to avoid interpolation between the measurements, the quantiles correspond to those defined by the points issued from the discrete CDF (Fig. 4b) . In each case, plotted points are quite well aligned on the x = y line, implying that the compared distributions are equal. Thus, normal distributions can safely be used to analyze the data presented here and this allows a statistical investigation.
For the surface-count samples, Monte Carlo simulations were used to evaluate the error bars of the sample parameters, D 50 and σ (Table 1) . For each sample, 10 000 normal distributions were generated using the same number of grains, D 50 and σ . The real parameters of each generated distributions were calculated to estimate the potential variation of each sample. This analysis is directly applicable on surface-count samples but not on the volumetric ones because they give no information about the diameter of individual grain in each sieve. Consequently, D 50 uncertainties for volumetric samples were calculated according to Church et al. (1987) (Table 1). However, it is not possible to evaluate the uncertainties associated to standard deviation of these samples without a precise knowledge of sediment shape and density. Finally, ANOVA tests were performed to analyze the variability in GSDs with respect to the unitary morphosedimentary element (Tables 2 and 3 ). These tests require that the samples are normally distributed and have equal variance, and therefore are based on the φ-transformed distributions. ANOVA tests determine whether at least two groups of samples come from the same population or from different populations based on the analysis of their variance. The ratio F of the variability within and between the different groups is calculated and compared to theoretical F -values. The tests were based on the null hypothesis H 0 : the samples come from the same population of grains. This hypothesis is rejected if the parameter F is higher than the acceptable values F 95 or F 99 at a level of significance of 95 % and 99 %, respectively.
Granulometry of the river bed
The data collected were analyzed in order to (1) characterize a local bulk GSD of the river bed, (2) determine whether the morpho-sedimentary elements correspond to grain-size patches, and (3) investigate the relationships between these grain-size patches and the bulk GSD of the bed.
Bulk distribution of the river bed
First, the volumetric sample taken from the subsurface layer (from 0.2 to 1 meter-deep) of the deep trench was used to characterize a bulk GSD of the Urumqi river bed. This sample is unimodal with about 80 % of pebbles, a mean diameter D 50 of 4.73 φ (26.5 mm), and a standard deviation σ of 1.2 (Table 1) . It is almost impossible to demonstrate whether this sample characterizes the whole bulk distribution of the river bed. However, it corresponds to a local bulk distribution taken near the studied elements and is considered in this study as the reference GSD for the river bed.
Surface distributions of the morpho-sedimentary elements
The surface-count samples from the 25 morpho-sedimentary elements (eight chutes, eight anabranches and nine bars) were compared to determine if these elements correspond to different grain-size patches or not. On average, the surface grain size of chutes is coarser than grain size of the anabranches and bars ( Fig. 5a and Table 1 ). Indeed, each kind of element is characterized by a range of distributions, with a large overlap between the anabranch and bar grain sizes that are too close to be distinguished from one another. In contrast, the chute GSDs clearly fall on the right part of the graph and overlap very little with the other GSDs. For example, the D 50 of the anabranch and bar samples ranges from 4.00 to 5.14 φ, whereas the D 50 of the chutes ranges from 5.28 to 6.10 φ. In other words, the surface of the chutes is always coarser-grained than the surface of the anabranches and bars. The ANOVA tests support these observations by confirming that the chute GSDs are statistically different from the anabranch and bar GSDs, which constitute only one single population (Table 3) . 5 . Individual grain-size distributions of (a) the surface and (b) the surface layer of the sampled elements. Each kind of element is characterized by a range of grain sizes with an overlap between the bars (blue dots) and the anabranches (green triangles) distributions. In contrast, the chute distributions (yellow squares) clearly differ, indicating that chutes are always coarser-grained than anabranches and bars. Table 2 . ANOVA tests on the surface grain-size distributions of the three kinds of morpho-sedimentary element. df is the number of degrees of freedom, SS the sum of square and MS the mean square. P is the probability to get this value F from samples extracted from a single population. The null hypothesis is that there is no difference in the mean values of the grain-size distributions. Chutes are clearly different from anabranches and bars (F > F 99 ), whereas anabranches and bars cannot be considered as two different populations (F < F 95 ).
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Variation To emphasize the average grain-size tendency for each kind of element, the three merged surface GSDs obtained by adding the individual samples can be considered (see section Data acquisition and analysis). According to these merged GSDs, the surface distributions of the anabranches and bars are again quite similar, whereas the chute distribution is different, both in value and shape (Fig. 6a and Table 1 ). All the quantiles of the chute GSD are coarser than those of the two other elements, as illustrated by the mean diameters. The anabranch and bar D 50 are close (4.84 and 4.59 φ, respectively), whereas the chute D 50 is much larger (5.81 φ). The contrast in the shape of the GSD is also striking. For the small grain sizes (from 3 φ to about 5.5 φ), the chute GSD is flatter than the bar and anabranch GSDs, whereas for the large grain sizes (from 5.5 φ to 8 φ), this trend is reversed. This result indicates that the surface of the chutes lacks fine grains, or contains more coarse grains, compared to the surface of the two other elements. Indeed, cobbles represent between 11 and 18 % of the anabranch and bar surfaces, whereas they reach 43 % for the chute surface.
Comparison of the merged surface GSDs with the local bulk GSD also provides valuable information. On one hand, the surface GSDs of the anabranches and bars are comparable to the bulk size distribution (Fig. 6a, Table 1 ). Their D 50 are not significantly different (4.59, 4.84 and 4.73 φ, respectively) and their fractions of the different grainsize classes are coherent. The anabranches and bars contain about 85 % pebbles and 15 % cobbles, when the bulk proportions are 78 % and 21 %, respectively. The comparison of the bulk quantiles to the element quantiles completes these observations. Except for the high quantiles, the points for the anabranch and bar GSDs nearly fall on the y = x line (Fig. 6b) , implying that parameters of the surface size distribution of these two elements are very close to those of the bulk distribution. Therefore, it appears that the surface GSDs of the anabranches and bars correspond to the bulk GSD of the river bed. This result suggests that there is no significant grain sorting between the surface and subsurface grain sizes within these elements.
On the other hand, the chute D 50 (5.81 φ) is much larger than the bulk D 50 (4.73 φ), as well as the content in cobbles (43 % as against 21 %) (Fig. 6a, Table 1 ). On the bulkelement quantile-quantile diagram, the points are aligned, but not on the y = x line (Fig. 6b) , implying that even if the bulk and chute distributions are both normally distributed, they have different parameters D 50 and σ . The surface GSD of the chutes clearly deviates from the bulk GSD of the river bed. The former lacks fine grains, which indicates a grainsize sorting between the surface and the subsurface at the place of the chutes.
Consequently, in the active threads of the Urumqi River, sediments are sorted into two kinds of patches defined by distinct ranges of grain sizes: (1) the coarse-grained chutes, coarser than the bulk river bed, with many cobbles, and (2) the finer-grained anabranches and bars, consistent with the bulk river bed, with fewer cobbles and more pebbles.
Insights from the surface-layer distributions of the morpho-sedimentary elements
The volumetric samples of the surface layer taken from five chutes, five anabranches and five bars were compared to study the transition between the surface and the subsurface below the grain-size patches. The differences observed between the surface GSDs of the elements also exist between their surface-layer distributions ( Fig. 5b and Table 1 ). The surface-layer GSDs of the chutes is typically coarser than the anabranch and bar ones. Each kind of element is still characterized by a range of distributions with a large overlap for the anabranch and bar grain sizes that are too close to be distinguished, while the chute GSDs are shifted to the right compared to the other ones. Indeed, the anabranch and bar D 50 range from 4.33 to 5.01 φ, whereas the chute D 50 are between 5.08 to 5.71 φ. The results of the ANOVA tests indicate again that the anabranch and bar GSDs belong to one single population, whereas the chute GSDs are from another population ( Table 3) . The three merged surface-layer GSDs obtained by adding the individual samples also support these observations. All the quantiles of the chute GSDs, as well as the mean diameter, are coarser than those of the two other elements, which are quite similar ( Fig. 6c and Table 1 ). However, if the surface and surface-layer GSDs are similar for the anabranches and bars, they are significantly different for the chutes. For example, the surface and surface-layer D 50 of the anabranches and bars range from 4.59 to 4.87 φ, whereas the chute D 50 are 5.81 and 5.32 φ, respectively (Tab. 1). Furthermore, the surface-layer GSD of the chutes does not clearly lack fine grains, contrary to what is observed for the surface distribution (Figs. 6a and 6c) .
As for the surface distributions, the surface-layer GSDs of the anabranches and bars are very similar to the local bulk GSD (Fig. 6c, Table 1 ). Their D 50 are very close (4.60, 4.76 and 4.73 φ, respectively), as well as their fractions of the different grain-size classes. The surface-layer GSDs of the anabranches and bars have parameters consistent with those of the bulk GSD, exactly like their surface distributions (Figs. 6b and 6d) . Results are quite different for chutes. Their surface-layer GSD is closer to the bulk GSD than their surface distribution: the surface-layer D 50 of the chutes (5.32 φ) is closer to the bulk one (4.73 φ) than their surface D 50 (5.81 φ) (Fig. 6c and Table 1) .
Consequently, the surface and surface-layer GSDs of the anabranches and bars are equivalent to the bulk GSD. This supports the lack of a grain-size sorting from the surface to the subsurface at the place of the bar-anabranch patches. For these patches, the surface GSD seems to be the exact surface expression of the surface-layer distribution, which is consistent with the bulk GSD. On the other hand, the surface GSD of the chutes is clearly coarser-grained than the local surfacelayer GSD, which is itself coarser than the bulk distribution of the river bed. This trend demonstrates a grain-size sorting from the surface to the subsurface below the chute patches. At these locations, there is a clear disconnection between the first layer of grains, building up the surface, and the grains lying at depth. Actually, the shallow trenches dug for the surface-layer samplings reveal that, at chute places, the river bed is composed of one coarse-grained layer lying on the surface with finer-grained sediments below (Fig. 7a) . As expected, the surface layer of anabranches and bars is much more homogeneous (Fig. 7b) , which strengthens the distinction established between the two kinds of patches.
Discussion
In the shallow braided gravel-bed Urumqi River, sediments are sorted into two kinds of grain-size patches: the coarsegrained chutes and the finer-grained anabranches and bars. Chutes are typically located at flow constrictions where the flow velocity and the grain transport increases (Church and Gilbert, 1975; Davoren and Mosley, 1986; Ashmore et al., 1992; Ashworth et al., 1992a, b; Ashworth, 1996) . They may correspond to the areas of erosion identified by topographic surveys in braided streams (e.g., Wheaton et al., 2010; Ashmore et al., 2011; Limare et al., 2011) . Below these chutes, a vertical grain-size sorting occurs from the surface to the subsurface of the river bed. Indeed, these patches are characterized by a coarse top layer, which can be interpreted as a local active armour. This grain-size structure possibly implies that chute patches correspond to a single layer of coarse grains Table 3 . ANOVA tests on the surface-layer grain-size distributions of the three kinds of morpho-sedimentary elements. df is the number of degrees of freedom, SS the sum of square and MS the mean square. P is the probability to get this value F from samples extracted from a single population. The null hypothesis is that there is no difference in the mean values of the grain-size distributions. Chutes are clearly different from anabranches and bars (F > F 99 ), whereas anabranches and bars cannot be considered as two different populations (F < F 95 ).
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Variation (Davoren and Mosley, 1986; Ashmore et al., 1992; Ashworth, 1996) . These patches correspond to areas of deposition. Their grain size is finer and much more homogeneous in depth than the chute sizes, without any vertical sorting. Surprisingly, the local bulk GSD of the Urumqi River does not correspond to the addition of the grain sizes of the chute and bar-anabranch patches. If the latter are the exact surface expression of the bulk river bed, the former are different. However, these patches must be paired and found in equal numbers in the stream. Therefore, the discrepancy between the chute and bulk GSDs also indicates that, in addition to vertical sorting, the chute deposits must be much more limited than the bar-anabranch deposits in term of spatial extension and volume, or that the distribution of coarse grains does not affect much the bulk size distribution (Ashworth et al., 1992b) . In other words, the river bed seems to be mainly composed by the grains deposited in bar-anabranch patches. This issue should be tested on the field. At present, the available satellite or photographic data do not enable the characterization of the surface extension of the chutes compared to the extension of the unit bars-anabranches. Microscale experiments using two different grain sizes could be used to test this explanation. Others grain-size studies have focused on shallow braided rivers. According to their hydrological regime, these rivers seem to divide into two categories: ephemeral or perennial. Ephemeral streams are rivers flowing only a few days per year during flash floods. In these rivers, unit bars are coarsergrained than thalwegs (Laronne et al., 1994; Hassan, 2005; Laronne and Shlomi, 2007) . This could be related to their rapid flow recession that prevents any reworking of the fine grains brought within thalwegs (Hassan et al., 2006) . On the other hand, perennial rivers usually flow all the year long. Flowing all year-long, with a marked high-flow from May to September, the Urumqi River can be considered as a perennial stream. In terms of grain size, its unit bars are finergrained than its thalwegs, as other streams with a strong seasonality (Smith, 1974; Ashworth et al., 1992b) . However, this work shows that the chute and anabranch thalwegs do not share the same grain-size range, the anabranches being closer to the unit bars. This questions the relevancy of the topography as a selection criterion for the location of grain-size studies in shallow braided gravel-bed rivers.
Besides this aspect of grain-size patches, the shallow braided gravel-bed rivers, where it has been investigated, are not armoured (Laronne et al., 1994; Laronne and Shlomi, 2007) . Even if the chute patches of the Urumqi River present an active armour, they do not build an extensive coarse layer on the top of the river bed. Therefore, the Urumqi River is not armoured either. The absence of a well-developed armoured layer indicates that the equal mobility theory developed to understand and predict the transport of sediment mixtures may not be adequate for such stream. This theory requires sediments to be sorted into an extensive coarse-grained surface and a finer-grained subsurface layer in order to make the coarse grains more available for transport than the fine ones (Parker and Klingeman, 1982; Andrews, 1987; Parker and Toro-Escobar, 2002) . Nevertheless, a high sediment supply prevents the formation of this vertical sorting (Dietrich et al., 1989; Gran et al., 2006; Hassan et al., 2006) . This could explain why those braided rivers, either ephemeral or not, are not armoured, which is in agreement with a recent synthesis suggesting that multiple-thread gravel-bed streams have higher sediment supplies than single-thread streams (Mé-tivier and Barrier, 2012) .
All those observations are also in good agreement with the experiments of Gardner and Ashmore (2011) . They used a Froude-scaled physical model to simulate a coarse-grained braided river with a bimodal sediment distribution. They mapped the thickness of the river-bed active layer during the experiments, as well as the grain-size texture of its basal and top surfaces. It appears that the experimental river bed is made of grain-size patches and that the grain-size distributions are the same at its bottom and its top. The authors even suggest that there is no vertical sorting at all in this layer that is active during flood (about 20 D 50 for their experiments). Scaled to D 50 of the sample extracted from the 1 m deep trench, the typical thickness of the Urumqi active layer should be about 60 cm, which is consistent with the homogeneity in the depth of the river bed studied here. This suggests that in spite of a spatial sorting at the bed surface, the layer of hydro-sedimentary activity is the same in granulometry than the river deposit on a whole.
Eventually, this kind of grain-size organization (two grainsize patches with no general armouring) could be typical of shallow braided gravel-bed rivers (defined here as rivers with a decimetric to metric water depth) where sediments are deposited into a limited number of morpho-sedimentary elements (see the facies model #2 of Miall 1985 Miall , 1996 . Other types of braided streams, such as deep braided gravel-bed rivers (defined as rivers with a metric to pluri-metric water depth) (facies model #3 of Miall 1985 Miall , 1996 , may have a more complicated grain-size organization. For example, they often present bedforms with avalanche slip faces, which can produce a complex upward and downstream sorting within bars (Bluck, 1976; Hein and Walker, 1977; Ashmore, 1982; Paola, 1989; Lunt and Bridge, 2004; Rice and Church, 2010) . Therefore, it would be interesting to investigate the grain-size patchiness in such streams and to compare it with the framework defined here for shallow braided gravel-bed rivers.
Conclusions
The careful study reported here brings new insights into the grain-size sampling and patchiness of a shallow braided gravel-bed stream. In the active threads of the Urumqi River, the three unitary morpho-sedimentary elements (chutes, anabranches and bars) typical of such streams can be identified. The surface material and surface layer of these elements were sampled respectively by surface counts and volumetric samplings, in order to look at their grain-size characteristics.
On average, the chute grain size is coarser than the anabranch grain size, which is itself a little bit coarser than the bar grain size. However, if the difference between the chutes and the two other elements is significant, the grainsize range of the anabranches and bars are too close to be distinguished. Consequently, the three unitary morphosedimentary elements of the Urumqi river bed only build two kinds of grain-size patches defined by distinct ranges of grain sizes: (1) coarse-grained chutes with many cobbles and (2) finer-grained anabranches and bars with less cobbles and more pebbles. These patches may correspond respectively to the areas of erosion and deposition identified by topographic surveys in braided chive threads.
In depth, these two types of patches present a different structure. Below the chutes, vertical grain-size sorting occurs. At their place, one coarse-grained top layer, which can be interpreted as a local active armour, lies on finer deposits. In contrast, the grain size of the bar-anabranch patches is finer and much more homogeneous in depth than the chute patch, without any vertical sorting from the surface to the subsurface of the river bed.
These chute and bar-anabranch patches, which are features of lateral and vertical sorting associated to the dynamics objects that build braided patterns, may be typical of shallow gravel-bed rivers. The understanding of their dynamics could be improved by considering their characteristics in both models and field studies based on data collected with an adequate sampling strategy. At the reach scale, grain-size studies should be performed with grids or trenches larger than the characteristic length or depth of the patches. At the patch scale, small grids can be used, but the topography should not be a criterion to choose their location. Indeed, this work shows that sorting seems not related to the morphology of the bed (concave for the chute and anabranch thalwegs vs. convex for the bars), but rather to the local sediment transport processes (erosional vs. depositional patches). The patch characteristics quantified by such a sampling strategy could then be considered in future works on sorting processes and their geomorphologic and stratigraphic results.
